| I N TR ODU C TI ON
The incidence of hypopharyngeal cancer ranges from 0.7 to 4.16 per 100,000 person-years. 1, 2 Because no alarming symptoms or neck metastasis is present until local progression, at diagnosis fewer than 50% of hypopharyngeal cancers are confined to the hypopharynx, and >38%
have neck lymph node metastases. 1, 3 A large retrospective study 4 reported that >80% of patients have stage III or stage IV disease at diagnosis. For these advanced hypopharyngeal cancer patients, a total laryngopharyngectomy is usually recommended to achieve better outcomes.
However, hypopharyngeal cancers show a tendency for multisite involvement and extend into adjacent mucosal areas. For patients who have hypopharyngeal cancer with an extension to the cervical esophagus, aggressive surgical resection by an en bloc excision of the esophagus, trachea, pharynx, and larynx, namely, a total laryngopharyngoesophagectomy, is warranted to improve survival. 5 In addition, head and neck cancer patients have a high frequency of comorbid esophageal cancer because of field cancerization. A total laryngopharyngoesophagectomy is also recommended for such synchronous hypopharyngeal and esophageal cancers.
Total laryngopharyngoesophagectomy will cause significant defects in the digestive tract and presents a reconstructive challenge.
Optimal reconstruction for a total laryngopharyngoesophagectomy is a single-stage surgery with low morbidity and mortality, a short hospital stay, and rapid restoration of oral alimentation. Gastric pull-up reconstruction is common as well as useful after a total laryngopharyngoesophagectomy. However, stomach transposition might be inadequate if the resection margin reaches the upper oropharynx or nasopharynx. [6] [7] [8] If the pharyngogastric anastomosis is done under tension, anastomotic leakage and fistula formation will most likely occur. In some circumstances, the cancer might invade the skin, which will make a neck-skin defect unavoidable. The exposed great vessels will also need to be covered. Various methods, such as elongating the gastric tube along with a supercharged procedure [9] [10] [11] , combining an additional free flap or regional flap 6 , or using a Roux-en-Y anastomosis as a pedunculated gastric conduit 12 , were reported. However, to the best of our knowledge, no single study comprehensively guides the choice of an optimal reconstruction and addresses the tension of a pharyngogastric anastomosis and a neck-skin defect in such a reconstruction. Herein, we propose an algorithmic approach delineating our surgical strategy to overcome these problems.
| P A TI E NT S A ND M E TH ODS
We retrospectively reviewed patients who had an oncologic total laryngopharyngoesophagectomy between January 2012 and January 2016. Twenty-four men and one woman were included with a mean age of 54 (range, 41-72) years. Thirteen patients had hypopharyngeal or laryngeal cancer with esophageal extension, and 12 had synchronous cancers involving at least the hypopharynx and the esophagus.
For patients with previous gastric surgery or disease, colon interposition was used. Otherwise, gastric pull-up reconstruction was used as the priority. For those with high anastomotic tension, a free jejunal flap was used to bridge the gap between the gastric tube and the oropharynx. For individuals with high anastomotic tension and concomitant neck-skin defect, the anterolateral thigh flap was used to bridge the gap and cover the neck. Patients were assigned to groups by reconstruction for further analysis: gastric pull-up (GP, n 5 15), colon interposition (CI, n 5 2), gastric pull-up with free jejunal flap (GPFJ, n 5 6), or gastric pull-up with free anterolateral thigh flap (GPALT, n 5 2) group ( Figure 1 ).
| Surgical techniques
Patients were initially positioned supine to undergo tracheostomy.
Next, they were placed in the left decubitus position to undergo videoassisted thoracoscopic-surgery esophagectomy and mediastinal lymph node dissection. Patients were repositioned supine for neck lymph node dissection and total laryngopharyngectomy.
A midline laparotomy was done to allow for gastric tube formation.
A feeding jejunostomy and a permanent tracheostomy were routinely performed. For patients with previous gastric surgery or disease, colon interposition was used. Otherwise, gastric pull-up reconstruction was If the patient had a concomitant neck-skin defect because the cancer had invaded the skin, the anterolateral thigh flap, which was dissected during the total laryngopharyngectomy, was used. After the gap between the oropharynx, the gastric tube, and the resultant skin defect 
| Postoperative care
Postoperatively, patients were routinely transferred to the intensive care unit and then to the wards after they had been weaned from mechanical ventilation. Patients underwent barium esophagography one to two weeks after surgery, and, if there was no evidence of anastomotic leakage, oral intake of water was attempted immediately.
Water intake would be recorded as successful swallowing if it was successful and without any adverse consequences. However, if there was evidence of anastomotic leakage, conservative management, for example, nil per os, local wound care, and antibiotics, would be used first.
Subsequently, if conservative treatments failed a deltopectoral flap or a pectoralis major musculocutaneous flap was used for the salvage procedure.
Patients' age, sex, diagnosis, reconstruction method, operation time, complications, date of successful swallowing, and follow-up time were recorded. This study was approved by our institutional review board (Approval no.B-ER-106-174).
| Statistical analysis
For numerical variables, the data are the mean 6 standard deviation and were analyzed using the Kruskal-Wallis test for comparison between groups because the normality tests (Kolmogorov-Smirnov test
and Shapiro-Wilk test) rejected the null hypothesis and concluded that these data do not have a normal distribution. Post-hoc analysis with
Bonferroni adjustment was used when the Kruskal-Wallis test showed significant differences. For categorical variables, the data are numbers (percentages) and were analyzed using Fisher's exact test. Significance was set at p <.05 (two-tailed). SPSS 19.0 (SPSS Inc., Chicago, IL) was used for all analyses. 50.0 minutes in the GPALT group (Tables 1 and 2 ). However, the comparison between groups indicated that the operation time was significantly longer in the GPALT group than in the GP group (p 5.009) ( Table 3 ).
| R E SU LTS
All flaps survived. The mean length of hospitalization was 40 days (range, 18-152 days). After a mean follow-up of 18 months, leakage occurred in 11 (44.0%) patients. Of these, 8 occurred (53.3%) in the GP group, 1 (50.0%) in the CI group, 1 (16.7%) in the GPFJ group, and 1 (50.0%) in the GPALT group. The leakage rate showed no significant difference between groups (p 5.581). For the GP group, leakages were treated with conservative management. For the CI group, the leakage was treated with both pectoralis major and deltopectoral flaps. For the GPFJ group, the leakage was treated with a deltopectoral flap. For the GPALT group, the leakage was also treated with conservative management. Anastomotic stricture occurred in one patient (4.0%), which occurred in the GP group (6.7%) while the other groups showed no evidence of stricture. The stricture rate showed no significant difference between groups (p 5 1.000). Successful swallowing was observed in 19 (76.0%) patients. Of these, 11 (73.3%) were in the GP group, 1 (50.0%) was the CI group, 5 (83.3%) were in the GPFJ group, and 2 (100%)
were in the GPALT group. The successful swallowing rate also showed no significant difference between groups (p 5.783).
| D ISC USSION
Reconstruction after a total laryngopharyngoesophagectomy is a challenge for both thoracic and plastic surgeons. To restore intestinal continuity, immediate reconstruction using a GP or CI is feasible in most cases. therefore, an additional tissue transfer will be inevitable. Moreover, the cancer can invade the skin, which will create a neck-skin defect that will expose the great vessels. Simultaneous reconstruction of intestinal continuity and neck coverage will be necessary. In this study, we provided the first algorithmic approach to overcome these situations and discussed their corresponding clinical outcomes (Figure 1) .
A GP has many advantages for hypopharyngeal and esophageal cancer reconstruction because of the excellent blood supply of the stomach, and because only one anastomosis is required. However, it is still thought to be inadequate and exhibits excessive tension due to stretching when the upper anastomosis reaches high into the upper oral pharynx. 6, 8, 13 The anastomotic leak rate for a GP reported in the literature ranged from 3% to 48%, but it was as high as 53.3% (8/15) in our study. Although all leaks were successfully treated using conservative management, only 4 of 8 patients were subsequently able to swallow successfully. We hypothesize that high anastomotic tension was primarily responsible for the leakage. It is vital to request a plastic surgeon intraoperatively to add an additional flap to bridge the gap and achieve a tension-free anastomosis. CHANG ET AL.
| 5
The reported incidence of anastomotic leakage when using CI ranged from 12.5% to 54%, [14] [15] [16] and immediate mortality ranged from 0% to 18%. 15, 17, 18 Two (8%) patients in our study were given a colon graft for reconstruction because of their previous gastric surgeries.
One of these patients experienced partial colon graft necrosis, which caused leakage whereas the other patient died in the hospital because of pneumonia. Microvascular supercharged and superdrainage procedures for colon grafts should be considered to decrease the incidence of partial graft necrosis. 19 The free jejunal flap has many anatomical and physiological advantages in pharyngoesophageal reconstruction and is useful to bridge the gap between the gastric tube and the oropharynx. 19 Since Asamura et al. 20 reported the first combined GP and a doubly looped free jejunal flap in a patient with synchronous double cancers, the literature 6, 9, 12, [20] [21] [22] [23] [24] has reported that 22 patients underwent a combined GP and free jejunal flap reconstruction. Three of them had an anastomotic fistula. 9, 12, 23 In our study, 1 of 6 patients had an anastomotic leakage in the combined gastric tube and free jejunum group. The relatively low leakage rate supported the concept of a tension-free anastomosis. Our findings coupled with those in the existing literature led us to conclude that this combined procedure is both feasible and safe.
The free anterolateral thigh flap is also an optimal choice for bridging the gap between the gastric tube and the oropharynx when there is a coexisting neck-skin defect. In total laryngopharyngectomy reconstruction, the fasciocutaneous free flap is normally used in patients who are not candidates for abdominal viscera. The "butterfly" (a.k.a.
"Papillon" and "inverted omega") design is effective for simultaneously reconstructing the pharyngoesophageal tube and neck skin. [25] [26] [27] The single anastomotic leak in our series was simple to stop. The "butterfly"
is also safe because the leakage is easy to detect, the fistula is exteriorized to the surface of the flap, and the leakage does not accumulate in the neck. Only Komorowska-Timek and Lee 28 mention using a free anterolateral thigh flap as a salvage procedure for a failed GP. We first used a free anterolateral thigh flap combined with GP in the primary reconstruction of a total laryngopharyngoesophagectomy.
For more precise multidisciplinary surgery to be performed, it will be helpful to know preoperatively whether using a GP will yield high anastomotic tension. The existing literature, however, does not include a predictive factor, nor were we able to find one in this study. We analyzed some risk factors, e.g., body height, tumor location, and radiotherapy history, but none predicted high anastomotic tension. Knowledge and specific surgical experience are required before a surgeon can judge both anastomotic tension and distal circulation of the gastric tube. The need for a bridging free flap in addition to a GP in this study was 35% (8/23) . Interestingly, during the first two years of the study, the rate was 18% (2/11), but it increased to 50% (6/12) during the last two years.
This study has some limitations. First, we reviewed only a few cases. Second, we did not have much experience in using CI or supercharged pedicled jejunal flap after an oncologic total laryngopharyngoesophagectomy. Therefore, our proposed algorithm, which directly deals with a total laryngopharyngoesophagectomy using a CI or a supercharged pedicled jejunal flap, [29] [30] [31] was not well addressed. Third, the proposed algorithm was oversimplified intentionally. We did not use other options in our proposed algorithm to deal with anastomotic tension or gaps when using a GP since the simplest way is to elongate the gastric tube by creating a U-shaped flap, 13 resecting the lesser curvature, 32 doing a fundus rotation gastroplasty, 33 and reversing the gastric tube. 34 However, these methods might require additional supercharged and superdrainage procedures for the left gastric vessels. [9] [10] [11] Regardless, preserving the left gastric vessel might lead to an insufficient nearby lymphadenectomy. It is especially risky in patients with esophageal cancers. A pedunculated gastric conduit using a Roux-en-Y anastomosis was first reported by Yamagishi et al. 35 and was used in total laryngopharyngoesophagectomy reconstruction by Watanabe et al. 12 and Yoshida et al. 36 This method can preclude the need for a second flap, but, in the abdomen, it requires an additional anastomosis and has a 16.7% to 20% fistula formation rate. 12, 36 The pectoralis major flap is also commonly used to bridge the gap between the gastric tube and the oropharynx with a leakage rate of 0% to 8.7% and a stricture rate of 0% to 13%. 8, 37, 38 The pedunculated gastric tube interposition and pectoralis major flap are optimal choices if the patient is unsuitable for microvascular surgery. Despite so many reconstruction options reported in the literature, the procedure still lacks a comprehensive principle to follow. We thought this algorithm could guide us by providing a corresponding solution to each potential difficulty encountered in a step-by-step format based on the results of this study. Comparisons between the gastric pull-up, colon interposition, the gastric pull-up combined with free jejunal flap, and the gastric pull-up combined with ALT flap group GP (n 5 15) CI (n 5 2) GPFJ (n 5 6) GPALT (n 5 2) P CI, colon interposition; GP, gastric pull-up; GPFJ, combined gastric pull-up and a free jejunal flap; GPALT, combined gastric pull-up and a free anterolateral thigh flap; Succ swallowing, Successful swallowing. a Post-hoc analysis with Bonferroni adjustment revealed significant difference between GP and GPALT (P 5 .009).
b Post-hoc analysis with Bonferroni adjustment revealed no significant difference between each group.
We conclude that a GP is a simple and effective method for immediately restoring alimentary continuity in an oncologic total laryngopharyngoesophagectomy reconstruction. A combined GP and a free jejunal flap solve the problem of high anastomotic tension caused by a relatively small stomach or a high resection margin of the oropharynx.
Combined GP and free anterolateral thigh flap are effective for bridging the gap between the gastric tube and the oropharynx and for simultaneously reconstructing the neck skin. The CI should be reserved for patients with previous gastric surgery or disease. The supercharged pedicled jejunal flap could be an alternative when both the stomach and colon are unavailable.
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